Abstract: Aim: Artificial sandbar openings are a common management practice in coastal lagoons but they can be a threat when negative effects to the quality of water and to the aquatic biota are observed. The current study compared sandbar opening effects in two coastal lagoons located close to each other, but differing on trophic status and on sandbar openings' background. Methods: Limnological variables and zooplankton community were recorded monthly during one year before and one year after sandbar openings that occurred in the same month for both lagoons, giving 24 samples. We compared the effects of sandbar opening on response variables, according to the two types of system. Results: The sandbar openings determined changes in some limnological features -depth and salinity -but such effects were different in the two types of system. The zooplankton structure displayed dramatic changes in the eutrophic and commonly opened lagoon. The occurrence and abundance of some species were closely related to changes in limnological variables. Conclusions: Our data indicated that zooplankton communities are more resistant to sandbar openings in coastal lagoons historically less disturbed. The direction and magnitude of changes promoted by sandbar openings might be specific to each lagoon, due to different backgrounds of disturbances that, in the long term, modify the water quality and the structure of zooplankton communities, and consequently, their resistance and resilience.
change the composition and the size structure in zooplankton community that become mainly dominated by small rotifers and by cyclopoid copepods (Rocha et al., 2004) .
The current study aimed to determine how sandbar openings affect some limnological variables and the zooplankton community in two coastal lagoons facing different conservation status. By doing so, we took advantage of sandbar openings that occurred in two different systems, throughout the same month of the year and located close to each other. We hypothesized that changes in the zooplankton community, after sandbar openings, would be less intense in the more pristine-like coastal lagoon, due to the absence of other stressors (such as eutrophication) and because sandbar openings are less frequent in its recent ecological history.
Material and Methods

Study field
The study was performed in two coastal lagoons located in Rio de Janeiro State, southeastern Brazil ( Figure 1 ). We chose both Imboassica and Cabiúnas lagoons -in order to test our hypothesis -because of two main reasons. Firstly, both lagoons are exposed to similar temperature and precipitation patterns, once just ~20 km separate the two systems. Secondly, artificial sandbar openings were registered on both systems within a 15 days intermission.
The region's climate is categorized as tropical sub-humid/humid with mean summer temperature of 25 °C, and average winter temperature of 19 °C, with annual 83% mean relative humidity (Rocha et al., 2004) . Annual precipitation rates stay around 1.165 mm. There is a remarkable seasonal distribution, showing minimum precipitation occurrence in June (40 mm) and maximum precipitation is seen in December (190 mm) (Berg et al., 2004) .
Imboassica is a coastal oligohaline and eutrophic lagoon located in Macaé City's urban area (22° 15' 00" S and 44° 14' 20" W), whereas Cabiúnas lagoon is a pristine-like oligo-mesotrophic freshwater system located at the Restinga de Jurubatiba National Park (22° 22' 30" S and 41° 15' 42" W) . According to McLusky and Elliott (2007) , both systems can be categorized as lentic non-tidal lagoons.
Imboassica lagoon has a 3.26 km 2 surface area and 1.1 m mean depth, whereas Cabiúnas has a 0.35 km 2 surface area and 2.0 m mean depth (Panosso and Pinto, 1998) . Since the 1970's Imboassica has suffered with human settlements on its surroundings. The main anthropogenic
Introduction
Two distinct aspects are usually pointed out when considering biological communities' stability: resistance and resilience. The first one describes the community's ability to preserve its features when facing disturbances, whereas the last describes how fast the community returns to the initial state observed before it had suffered any disturbance (Margalef, 1969) . Because many natural systems are vulnerable to human-mediated disturbances, there is a need of determining disturbance degrees that are endurable by the systems and yet resistant or recoverable.
Both the species richness and the ecological history of environments might influence their responses after a disturbance. For example, both empirical and theoretical studies have demonstrated that species-richer environments are less vulnerable to disturbances. This pattern might be explained through the insurance effect, which predicts that many species provide greater guarantees that some will maintain functioning even if others fail (Yachi and Loreau, 1999) , for example when facing a disturbance. Additionally, the ecological history of communities may influence their response to a given disturbance, through changes in sensitivity to further disturbances (Death, 1996) and changes in species composition (Fischer et al., 2001) .
Coastal lagoons are valuable ecosystems vulnerable to several human-mediated disturbances, especially due to its location by the coastline, where human settlements are much more common . Those systems are located between land and sea, separated by a sandbar or connected to the sea by narrow channels (Kjerfve, 1994) . The sandbar can eventually be opened by natural or anthropogenic forces, allowing marine water entering and causing salinity increase. Salinity increase induces changes in the zooplankton community's structure, causing the extinction of some local populations and the rise of new species (Schallenberg et al., 2003 and references therein; Santangelo et al., 2007) . Even slight salinity changes might play an important role on structuring zooplankton communities in coastal systems by modifying their structure and dynamics (Schallenberg et al., 2003; Santangelo et al., 2008) .
Coastal lagoons are also subjected to other stressors , such as the acceleration of eutrophication process. Many coastal lagoons receive continuous sewage inputs, with high loads of nitrogen and phosphorus (KozlowskySuzuki and Bozelli, 2002) . Eutrophication can stimulate qualitative and quantitative changes in the water quality and in the aquatic biota. It can was performed through vertical hauls, according to the maximum depth, also using the 50 µm mesh plankton net. The two different methods were used to obtain representative samples of the entire water column in both environments according to their mean depth. The vertical hauls used in deeper Cabiúnas lagoon allowed sampling of the entire water column while the trap used in Imboassica lagoon was compatible with the low depth observed in this environment.
The zooplankton samples were preserved in a 4% formalin solution. Zooplankters were identified at the lowest possible taxonomic unit, and were counted in either a Sedgewick-Rafter counting cell under a microscope (rotifers, nauplii, cladocerans, and meroplanktonic larvae) or in open chambers under a stereomicroscope (copepodites and adult copepods). Species' composition, abundance and richness (number of species in a sample) were determined by three sub-sample counts.
Limnological variables
Simultaneously to zooplankton sampling, water samples were collected on the surface in order to analyze some limnological variables. Total nitrogen (TN) concentrations were analyzed by titration means, after digestion (Mackereth et al., 1978) ; total phosphorus (TP) by molybdenum blue reaction means, after persulphate oxidation (Golterman et al., 1978) ; and the chlorophyll a (Chl a) content was spectrophotometrically determined, after extraction from GF/C filters with 90% ethanol (Nusch and Palme, 1975) . In addition, pH, depth and salinity were also measured using an YSI 30 multifunctional probe. disturbances are: landfill along its shores, artificial sandbar openings and domestic sewage disposal which represents a significant input of nutrients (Esteves, 1998) . The sandbar is frequently opened in the Imboassica lagoon, aiming to alleviate the eutrophication process -by draining the lagoon into the ocean -or to reduce the water-level, in order to prevent flood in houses close to the shoreline (Santangelo et al., 2007) .
Cabiúnas lagoon, on the other hand, is surrounded by a natural 'restinga' ecosystem and its highly permeable watershed favors great inputs of terrestrial dissolved organic matter, which represents a major source of nutrients to it. Salinity variations at the Cabiúnas lagoon are mainly attributed to seawater intrusions that overtop the lagoon's sandbar during sea storms.
Zooplankton sampling and analyses
Between November 2004 and November 2006, the zooplankton was monthly sampled in both systems. The sampling process was performed in a station located on the central area of each lagoon ( Figure 1 ). In order to examine the sandbar opening effects in the zooplankton community, 12 samples were taken before and other 12 were taken after sandbar openings that had occurred, artificially, on November 8, 2005 for Imboassica lagoon and November 9, 2005 for Cabiúnas lagoon. The sandbars remained opened for approximately 15 days at both environments and subjected to the same tidal influence since the two environments are close and within the same line of coast.
The Imboassica lagoon samples were taken twice with a 14 L Schindler-Patalas trap filtered through a 50 µm mesh net. Sampling at Cabiúnas lagoon Finally, the relationship pattern between common zooplankton species and water variables was identified by means of the multivariate Canonical Correspondence Analysis (CCA), using a previous transformation to log(x + 1), except for pH. A Monte Carlo test with 999 unrestricted permutations was used in order to determine the correlation significances among variables and the first 2 CCA axes. Such analysis was also performed using the PCORD 6 software.
Results
Limnological variables
Sandbar opening status (before or after) affected some of the limnological variables in both lagoons (Imboassica and Cabiúnas) (Figure 2 , Tables 1  and 2 ). Salinity was affected by sandbar opening status, showing higher values after this episode in both systems (Figure 2a ; Tables 1 and 2 ). The pH and Chl a concentration were different between
Statistical analyses
The individual and interactive effects of lagoon (Imboassica or Cabiúnas lagoon) and sandbar opening status (before or after the sandbar opening) on limnological variables were analyzed with a twoway ANOVA using the Statistica 7 software.
An ANOSIM (Analysis of Similarities) using the Bray-Curtis similarity index was performed in order to evaluate similarities among samples taken before and after the sandbar opening in each lagoon, using the PAST software. Only the species found in at least 5% of the samples -taken before or after the sandbar opening of each lagoon -were used.
A Non-metric Multidimensional Scaling (NMDS) using also the Bray-Curtis similarity index was used aiming to display how these particular systems behaved before and after disturbances. NMDS analysis allowed observing months that were more similar to each other and if there was any clear temporal pattern. NMDS was performed by means of the PCORD 6 software. 
Zooplankton community
Throughout the study's period, 31 species were found at the Imboassica lagoon, whereas 43 species were recorded in Cabiúnas lagoon, in addition to copepod nauplii, copepodites and meroplanktonic larvae that were found in both lagoons (Table 3) . Before the sandbar opening, the Imboassica lagoon was dominated by the rotifers Keratella tropica and Polyarthra sp. After that, the community became dominated by the rotifers Brachionus plicatilis, Brachionus urceolaris and Synchaeta sp. The rotifer Hexarthra sp., in addition to the cladoceran Moina micrura and juvenile forms of cyclopoid and calanoid copepods showed high densities and frequencies of occurrence in both periods -before and after the sandbar opening (Table 3) , however Hexarthra sp. and M. micrura were not recorded in the month which followed the sandbar opening.
The most common species at the Cabiúnas lagoon, before the disturbance, were the cladocerans Ceriodaphnia cornuta and Moina sp., the rotifer Filinia sp. and the copepods Diaptomus azureus and Notodiaptomus cearensis, besides the juvenile forms of cyclopoid and calanoid copepods. After the sandbar opening, the main microcrustacean taxa kept the frequency of occurrence virtually unchanged at the Cabiúnas lagoon. However, Hexarthra sp. and the cladoceran Diaphanosoma sp. were favored after the sandbar opening (Table 3) .
At the Imboassica lagoon, CCA axes 1 and 2 had eigenvalues of 0.35 and 0.11, and explained 27 and 9% of data variation, respectively. The speciesenvironment correlation's coefficient for the first two CCA axes were 0.97 and 0.85 (Monte Carlo test, p = 0.001). Salinity and Chl a content were negatively correlated to axis 1, whereas pH, TP and depth were positively correlated. TN showed stronger correlation to axis 2 (Figure 3) . Several species were likely favored at the increased salinity period and by Chl a contents (Figure 3) , such as B. plicatilis, Asplanchna sieboldi and B. urceolaris. On the other hand, the microcrustaceans Diaphanosoma brevirreme and Bosminopsis deitersi showed an inverse relation to these variables.
At the Cabiúnas lagoon, CCA axes 1 and 2 had eigenvalues of 0.18 and 0.08 and explained 19.3 and 8.3% data variation, respectively. The species-environment correlation's coefficients for the first two CCA axes were 0.85 and 0.86 (Monte Carlo test, p=0.019). Depth, Chl a content, TP and TN were negatively correlated to axis 1, whereas salinity and pH were positively correlated to it (Figure 4) . Salinity negatively affected several lagoons. Additionally, there was a significant interaction among lagoon and sandbar opening status in pH values and Chl a content (Table 1) . The pH displayed high fluctuations after the sandbar opening, especially at the Imboassica lagoon (Figure 2b ), where Chl a content sharply increased four months after the sandbar opening (Figure 2d ). Depth was different among lagoons, and was affected by the sandbar opening status and by the interaction among these factors (Table 2) . In general, the Cabiúnas lagoon displayed higher values than Imboassica lagoon, but depth was reduced in both systems after the sandbar opening ( Figure 2c , Table 1 ). TN and TP were different among lagoons and were not affected by the sandbar opening status (Table 2) . Nutrient concentrations were overall higher at Imboassica lagoon (Figure 2e and f, Table 1 ). lagoons evaluated in this study. For example, pH, depth and Chl a content values were dependent on lagoon and sandbar opening status (Tables 1 and  2 ). Thus, it is possible that pre-sandbar opening conditions, partially determined by the ecological history of each lagoon, are important factors to predict the magnitude of changes after sandbar openings (Santangelo et al., 2007; Duggan and White, 2010) . Indeed, all limnological variables were different between the two lagoons. Salinity was the only variable that uniformly changed in both lagoons, showing higher values after the sandbar opening. Increased salinity is a common pattern observed in coastal systems after sandbar openings worldwide and they have important consequences in the zooplankton structure and dynamics (Attayde and Bozelli, 1998; Schallenberg et al., 2003 , Branco et al., 2007 . The likely causes for different sandbar opening effects on limnological variables remain in intrinsic features for each lagoon. Consequences of sandbar openings are usually lagoon-dependent and may persist for several months after the opening (Schallenberg et al., 2010) . Eutrophic lagoons such as the Imboassica might lose nutrients to the ocean and have the remaining nutrients diluted by sea water inside the lagoon (Santangelo et al., 2007) . On the other hand, in oligo/mesotrophic systems such as the Cabiúnas lagoon, seawater input might determine an increase in the availability species, such as the rotifers Synchaeta sp., Lecane curvicornis, Conochlius sp. and Polyarthra sp. Other taxa were favored after the sandbar opening, such as Diaphanosoma sp., juvenile forms of calanoid copepods and N. cearensis. TN was also important for taxa such as Synchaeta sp. and cyclopoid copepods, whereas Keratella americana and Moina sp. demonstrated a negative relation to TN.
NMDS analyses showed, for both lagoons, more similarities among samples taken before the sandbar opening ( Figure 5 ). Samples taken after the event demonstrated more dispersion and, consequently, less similarity when compared to the period before the sandbar opening. However, there was a smaller dispersion in the Cabiúnas lagoon than there was in the Imboassica, suggesting greater and more persistent sandbar opening effects in the last one. Results obtained by the ANOSIM corroborated those observed in NMDS, because significant differences were found among the periods before and after the sandbar opening only at the Imboassica lagoon (p < 0.0001, R= 0.4455). Therefore, similarities in the zooplankton community -regarding samples taken before and after the sandbar opening -were higher at the Cabiúnas lagoon.
Discussion
Changes in limnological variables caused by sandbar opening were not similar between the two Figure 5 . Non-metric Multidimensional Scaling (MDS) plots for the Imboassica and Cabiúnas lagoons using each species' density per month, in each system. before and after the sandbar opening at the Cabiúnas lagoon (ANOSIM, p > 0.05). This finding might be explained by the low frequency of sandbar openings at Cabiúnas lagoon and due to the absence of additional disturbances such as nutrient loading. As stated above, previous stressors might reduce the tolerance of communities to subsequent ones (Fischer et al., 2001 ) and reduce the resistance and resilience to additional disturbances.
According to the ecological theory that describes resistance as the biological communities ability to preserve their features when facing disturbances (Margalef, 1969) , the present results indicated that the Cabiúnas lagoon -where environmental characteristics are closer to natural -was less susceptible to changes caused by artificial sandbar opening. Imboassica lagoon, on the other hand, was not resistant or resilient to the sandbar opening, and showed remarkable changes in its biotic and in some of its limnological variables.
We concluded that water conditions observed before the sandbar opening, as well as the intensity of the opening, decisively influenced limnological changes after sandbar openings. As a consequence, zooplankton responses would depend on the direction taken by and on the magnitude of such changes. For example, at the Imboassica lagoon, zooplankton might be able or not to recover within 12 months (Kozlowsky-Suzuki and Bozelli, 2004; Santangelo et al., 2007) , and the abundance and composition of the resting egg bank might play an important role (Santangelo et al., 2011) . The present study showed that the Cabiúnas lagoon -with more preserved environmental conditions -proved to be more stable against disturbances caused by an artificial sandbar opening. However, more systems should be evaluated in order to prove such pattern among coastal lagoons and to test how sandbar openings affect temporal coherence among them (Caliman et al., 2010) .
Thus, coastal lagoons reflected their structure and function as well as their background relation to the marine environment. Such relation whether natural or conducted by Human -in order to respect the natural processes -should result in less dramatic environmental changes. Coastal lagoons when facing various anthropogenic pressures in their structure and functioning -such as eutrophication, physical changes in their environment, frequent and random sandbar opening -lose their structural and functional features and ultimately hinder their stabilization mechanisms. of nutrients such as phosphorus (Branco et al., 2007) . The different amounts and ratios of nutrients might lastly determine changes in phytoplankton biomass, as estimated by the Chl-a content (Table 1) . Additionally, sandbar openings can lead to differential dredging and death of macrophytes in different systems, promoting an increase on decomposition rates and consequently promoting a greater input of nutrients, placing subsequent consequences in the Chl-a content (Santos and Esteves, 2002; Schallenberg et al., 2010) . Finally, morphometric differences, barrier's height (which determines the hydraulic head), time of opening and breadth might also be important and determine different responses in each lagoon (Schallenberg et al., 2010) .
Similarly to limnological variables, there were sandbar opening consequences in the zooplankton community. However, the sandbar opening effects were stronger in the Imboassica lagoon, which displayed deeper changes in the community structure, replacement of dominant species and decrease in some taxa occurrence. Despite the reduction in the occurrence of some rotifers after the sandbar opening at the Cabiúnas lagoon (Table 3) , most microcrustacean species kept or increased the frequency of occurrence, as observed for taxa such as Diaphanosoma sp., Moina sp. and B. deitersi. On the other hand, at the Imboassica lagoon, most rotifers and cladocerans species disappeared after the sandbar opening. Only juvenile forms of copepods persisted keeping high occurrence. The rotifers B. plicatilis, B. urceolaris, and Hexarthra sp. and the cladoceran M. micrura, recolonized the lagoon after salinity decrease. Previous studies reported constant presence of such rotifers, especially B. plicatilis, in high salinity conditions at the Imboassica lagoon (Rocha et al. 2004; Santangelo et al., 2007) . Branco et al. (2007) reported that under low salinity conditions, a diverse zooplankton community, holding many cladocerans species, was established. High salinity determines low diversity and prevalence of copepods, meroplanktonic larvae and a small group of rotifers.
Despite the increased salinity observed at the Cabiúnas lagoon ( Figure 2, Table 2 ), deep changes in zooplankton were not observed (ANOSIM, p > 0.05). Cabiúnas lagoon kept a similar microcrustaceans and rotifers' structure after the sandbar opening. Additionally, considering species' composition and density in both lagoons, a greater similarity was observed among periods
